INTRODUCTION
When cigarettes are burnt tobacco constituents can either transfer to the smoke in unchanged form, or undergo pyrolysis reactions which cause degradation products to be present in the smoke. For many tobacco constituents, transfer and pyrolysis reactions occur simultaneously, but because of the complex nature of smoke the study of these processes is frequently laborious and difficult. However, the addition of labelled compounds to cigarettes can be of considerable assi~tance in such studies, since the resulting smoke components can be identified by means of the labelled atom. In order to establish the validity of this approach it is necessary to demonstrate that the activity added to a cigarette can be recovered after the cigarette is smoked. In this paper the design and evaluation of apparatus for determining the mass-balance of carbon-14 activity is described.
APPARATUS AND MATERIALS

Cigarette Smoking
Cigarettes (7oX24.5 mm) were conditioned at 580fo R. H. and 21° C, and selected on the basis of average weight ( ± 20 mg) and average pressure drop ( ± 4 Ofo at a flow-rate of 1050 ml/min).
Solutions (So ~-tl) of radioactive chemicals were added along the entire length of the cigarette by means of a hypodermic syringe. The syringe was withdrawn from the axis of the cigarette at a uniform rate as injection proceeded. The cigarettes were conditioned for a further three days before smoking. Cigarettes were smoked on a B·A·T smoking engine operating under restricted conditions. Puff volume: 35 ml, puff duration 2 sec (nominal), puff frequency: 1 per minute, butt length: 23 mm (except for cigarettes containing benzo(a)pyrene-7:1o-C14 which were smoked to an 8 mm butt).
Packard 3375 Liquid Scintillation Counter.
Gain 8.8 Ofo.
Window 5o-1ooo.
Liquid Scintillation Counting
Aliquots counted in 15 ml portions of the following scintillator solution: 2.:5-diphenyloxazole (PPO) 5 g. Dimethyl-2,2-p-phenylenebis(5-phenyloxazole) (Dimethyl-POPOP) 0.3 g. Toluene (redistilled) 1000 ml.
Samples counted for sufficient time to give 1o,ooo counts (standard deviation 1.0°/o).
• Received for publication: 30th July, 1968. 
Radiochemicals
For treatment of cigarettes the radiochemical (o.1 me) was dissolved in solvent (5 ml).
DETERMINATION OF BALANCE OF C14 ACTIVITY
The apparatus shown in Figure 1 is assembled. The oil bath 5 is then heated to 200° C (oil bath 11. is not. heated at this stage). The cigarettes (usually four cigarettes are used) are smoked successively, the position of the cigarette being adjusted during smoking so that the coal is beneath the exit aperture of the smoking vessel. Adjustment is carried out by moving the glass tube which holds the cigarette. A rubber sleeve is used to prevent leaks. The cigarette is extinguished by means of a pair of tweezers inserted through the socket in the end of the vessel. The cigarette and ash are then dropped into a flask placed beneath the lower exit. The sidestream smoke, diluted with air is drawn first through a Cambridge filter, then through hopcalite catalyst heated to 200° C and finally collected in the rubber balloon 3· Mainstream smoke is collected on a Cambridge filter, passed through hopcalite catalyst at room temperature (20° C) and collected in the rubber balloon 13. ~fter smoking, the balloon 3 is disconnected from the system and connected to a bubbler (2.50 ml volume) containing 0.1 Molar solution of Hyamine-1oX"' in methanol (100 ml). The bubbler is connected to a cylindrical trap (250 ml volume) cooled in liquid nitrogen and as the gas contracts in ~e trap, the contents of the balloon are drawn slowly through the Hyamine-10X solution. The rubber balloon 13 containing the mainstream smoke is disconnected from the smoking carfiiidge at the point 14 and air (about three .times the volume of smoke) blown in. The hopcalite catalyst is :t:tow heated to 2oo° C and the contents of the balloon are drawn slowly over the catalyst, through a 0.1 Molar solution of Hyamine-1oX in methanol (1oo ml), using a liquid nitrogen trap as before. The Cambridge filter pads, cigarette rods and, butts are extracted with cold methanol (1oo ml portions). Methanol is also used to wash out the smoking cartridge and connecting tubes, and the resulting solution bulked with the solutions obtained from the Cambridge filter pads. Aliquots of all solutions (usually 100 J.tl) are added to the scintillator (15 ml), and the C14 activity determined by liquid scintillation counting. Quenching effects are estimated by means of an external standard in the scintillation counter. Note: Solvents other than methanol may be required to dissolve and extract certain active compounds. 
DISCUSSION
The fractions which must be examined in order to determine the mass balance are the sidestream and mainstream smoke, the cigarette butt and ash. It was also thought advisable, and of interest, to separate the smoke fractions into particulate and vapour phase sub-fractions. In the apparatus designed for the coll~ction of these fractions it is desirable that, as far as possible, the smoking conditions, e. g. puff profile, should be normal. Previous methods for the measurement of the massbalance of activity have been described byLarson and Harlow (1) and Morrel and Varsel (2). The former method uses an extremely complicated absorption train while the latter method is based on the principle of reverse smoking. In view of these limitations a new apparatus was designed (Figure 1 ). The smoking cartridge FIGURE 2
( Figure 2 ) is a water-cooled glass vessel, similar in design to apparatus described by Neurath and Ehmke (3) for the collection of the main and side-streams of smoke. The cartridge was designed for, and has been used with cigarettes of 70 mm length. Cigarettes of greater length than this may require the use of a larger cartridge. 1 litre/minute the results are in good agreement with those obtained using conventional smoking methods. This flow-rate was therefore used for all subsequent work. Puff profiles were obtained (Figtire · 3) and demonstrate that the smoking parameters, although different from those observed with simple trapping systems, are acceptable, since the nicotine and T.P.M. deliveries are similar to those obtained under normal smoking conditions. For the determination of radioactivity in the various fractions the methods shown in Table 2 were used. The methods are based on the solution of the radioactive materials in suitable solvents, the activity being estimated by liquid scintillation counting. Involatile compounds (e. g. particulate smoke) are collected on a Cambridge filter, dissolved in a solvent and counted directly.
The radioactivity present in volatile compounds is determined as follows: (a) Mainstream Smoke
The smoke (after passage through the Cambridge filter) is collected in a rubber balloon. The design of apparatus (Figure 1 ) prevents the smoke from passing through the smoking machine. After smoking, the balloon is disconnected and air (volume approximately three times that of smoke) blown into the balloon. The mixture is then drawn first through a bed of hopcalite catalyst maintained at a temperature of 20o° C, then through a bubbler containing a solution of Hyamine-1oX 1 and finally collected in a trap cooled with liquid nitrogen. By this method the use of mechanical Puff protlr .. • not determined pumps, with the consequent risk of contamination and losses, is avoided. It is possible that some smoke components may react with the rubber walls of the balloon. In 'the present method this possibility is minimized by emptying the balloons as soon as possible after the smoke is collected. An alternative procedut:e is to collect the smoke in plastic balloons. · The hopcalite catalyst oxidizes carbort monoxide, in the presence of oxygen, to carbon dioxide (4)-. At the same time many other volatile organic compounds are similarly oxidized. Whilst oxygen containing compounds are readily oxidized, it should be noted that volatile hydrocarbons, especially methane, are resistant to attack (5). When the oxidized mixture is passed through the Hyamine-1oX solution the carbon dioxide reacts to form a soluble carbonate. While it is expected that compounds of moderate volatility would-:-be absorbed in the methanol, it is probable that activity, if any, present in methane molecules would be lost.
Delivery of smoke
(b) Sidestream Smoke
Because sidestream smoke is collected from a p:tOViJ1g air stream, a large excess of oxygen is present. Consequently, the smoke can be oxidized as soon· as it is collected. Sidestream smoke is drawn Oxidized to carbon dioxide and as mainstream vapour phase collected in rubber balloon. · Subsequent absorption in solvent through a bed of hopcalite catalyst at 2oo° C, through a bubble{ containing Hyamine-1oX, and into a cold trap. This system was evaluated by preparing cigarettes containing different radioactive additives, smoking them, and determining the transfer of activity.
TABLE3
Recovery of activity
Cigarettes were smoked to 23 mm butts (except those containing benzo (o)pyrene-7 : 10-C 14 which were smoked to 8 mm butts). The results obtained from the analysis of cigarettes containing added radiochemicals are given in Table 3 , and indicate that, for the compounds added, greater than So 0 /o of the carbon-14 radioactivity added to cigarettes can be recovered by the comparatively simple techniques described here. However, since this smoke fraction is not the most important, the development of elaborate methods of handling the small amounts of activity left on the ash does not appear to be justified.
SUMMARY
A simple method for the determination of the balance of carbon-14 activity added to cigarettes is described. The total recovery of activity is So Ofo or greater, and the method can be used to obtain information on the transfer and pyrolysis reactions occurring when cigarettes are smoked . 
